A grand geological experiment with a global reach to its biological impact, the formation of the isthmus of Panama between 15 and 3 million years ago split the tropical Interamerican Seaway into two and substantially changed the physical oceanography of each part. That event subjected the now-divided halves of the neotropical marine biota to new environmental conditions that forced each along a different evolutionary trajectory. For the past 45 years the Smithsonian Tropical Research Institute (STRI) marine sciences program has taken full advantage of this event by sponsoring research on a great diversity of topics relating to the evolutionary effects of the formation of the isthmus. That research, which has been supported by multiple laboratories on each coast and a series of research vessels, has produced more than 1,800 publications. Here we provide an overview of the environmental setting for marine research in Panama and an historical perspective to research by STRI's scientifi c staff at the different marine facilities.
INTRODUCTION
The unique geological history of Panama encourages a wider variety of research on tropical marine organisms than can be accomplished anywhere else in the world. The Central American Isthmus narrows in Panama to approximately 70 km, separating oceans that have very different oceanographic regimes and marine ecosystems. The formation of the central American isthmus, starting approximately 15 million years ago (Ma) and fi nishing in Panama about 3 Ma, had wide ramifi cations not only for the nature of the modern biological and geological world of the Americas but also for the entire global oceanic circulation. With the completion of this process the Gulf Stream strengthened, changing the Atlantic circulation. That change was soon followed by Northern Hemisphere glaciation, which in turn brought about a period of climate change in Africa that may have stimulated the origins of modern man. From a more local perspective, the completion of the isthmus set in motion a vast natural experiment: single populations of marine animals and plants were split and isolated in different and changing environments that forced their evolutionary divergence and fundamental changes in their biology.
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The Smithsonian Tropical Research Institute (STRI) marine research program in the Republic of Panama has taken full advantage of this globally signifi cant geological event. In 1964 STRI established its fi rst laboratories on the Pacifi c and Caribbean coasts within what then constituted the Panama Canal Zone. Since that time, marine research at STRI has expanded greatly and made major contributions to understanding of tropical marine biodiversity: the geological history of the isthmus and the development of environmental differences in the Caribbean and eastern Pacifi c, patterns of biodiversity in neotropical marine habitats, coral reef development, coral symbioses and diseases, the modes and tempo of species formation and diversifi cation, evolutionary change within many groups of organisms relating to environmental differences on the two sides of the isthmus of Panama, and invasions by marine organisms facilitated by the Panama Canal and its shipping activity. To date marine research at STRI has resulted in more than 1,800 scientifi c publications; half of these have been produced by staff scientists and more than 200 published in high-profi le journals such as Science, Nature, Proceedings of the National Academy 
of Sciences of the United States of America, Proceedings of the Royal Society, American Naturalist, Evolution, Ecology, and Annual Review of Systematics and Ecology.
In celebration of its role in coral reef research, the Smithsonian's 150th anniversary, and the International Year of the Reef, STRI hosted the Eighth International Coral Reef Symposium in Panama in 1996. This meeting brought 1,500 reef scientists and managers to Panama from around the world, resulting in the publication of a two-volume proceedings (Lessios and Macintyre, 1997) , and an international traveling exhibit of coral reefs that is now resident at the Bocas del Toro Research Station.
Here we present an overview of the marine setting of Panama that clearly indicates its potential for research, and a historical summary of the diversity of marine studies conducted at the different STRI marine facilities. We then briefl y outline STRI's marine education and outreach activities. Although this review focuses on the research activities of STRI's marine staff scientists, a strong fellowship program and a larger suite of visiting students and scientifi c collaborators have acted as substantial multipliers of STRI scientists' activities.
THE COASTAL OCEANOGRAPHIC SETTING OF THE ISTHMUS OF PANAMA
The emergence of the Isthmus of Panamá likely was the most crucial event for tropical marine ecosystems in the last 15 million years of earth's history. In Central America the marine environment experienced drastic changes in the two seas formed by the isthmus. As the isthmus approached closure, the Caribbean gradually became cut off from the eastward fl ow of Pacifi c water and became warmer, saltier (westward winds carried away evaporated moisture), and more oligotrophic. The Caribbean now is a relatively stable sea, with small fl uctuations in temperature, relatively low tidal variation, and a relatively high salinity. Its relatively clear and nutrientpoor waters (D'Croz and Robertson, 1997; D'Croz et al., 2005; Collin et al., 2009 ) are ideal for the growth of coral reefs, and the wider Caribbean area ranks third behind the Indian Ocean and the Indo-West Pacifi c in terms of numbers of marine species. Annual rainfall is high on the Caribbean coast of Panama and follows the same basic seasonal pattern as on the lower-rainfall Pacifi c side of the isthmus (Kaufmann and Thompson, 2005) . Relative to the Caribbean, the Tropical Eastern Pacifi c (TEP) exhibits much greater fl uctuations in tides and temperature and has substantially lower salinity as a consquence of an area of very high rainfall along the Intertropical Convergence Zone. The TEP also has more and much larger areas of seasonal upwelling than the Caribbean. In addition, and in contrast to the Caribbean, the TEP also experiences strong longer-term variation in temperature and productivity from the infl uence of El Niño-Southern Oscillation Cycle (ENSO) events (D'Croz and O'Dea, 2009) . Sea warming related to ENSO (which occurs at intervals of four to nine years) has drastic affects on coral reef development in the TEP. The direct marine effects of ENSO events in the tropical and warm temperate parts of the eastern Pacifi c are stronger than anywhere else in the world. Although coastal biological productivity is strongly related to benthic communities in the Caribbean, pelagic productivity and high availability of ocean-derived dissolved nutrients dominate the TEP, with high variability in those nutrient levels producing matching variability in the abundance of pelagic organisms (Miglietta et al., 2008) . In Panama the nutrient-rich waters of its Pacifi c coast support commercial fi sheries of major importance, fi sheries that have no counterpart on the Caribbean coast.
The coastal marine communities of Panama are affected not only by inter-ocean differences in oceanography but also by marked local variation in shoreline environmental conditions along each coast. The Pacifi c shelf of Panama is wide and is divided, by the southwardprojecting Azuero Peninsula, into two large areas, the (eastern) Gulf of Panama and the (western) Gulf of Chiriquí. The Gulf of Panama is subject to strong seasonal wind-driven upwelling, but the Gulf of Chiriquí is not ( Figure 1 ; and see D'Croz and Robertson, 1997) . In the latter Gulf, high mountains block the wind and prevent wind-induced upwelling (D'Croz and O'Dea, 2007) . In contrast, the Caribbean coast of Panama is relatively straight and has a narrow continental shelf, except in the (western) Bocas del Toro Archipelago. Hydrological conditions vary substantially along the Caribbean coast, ranging from the nutrient-and plankton-poor waters in the (eastern) San Blas Archipelago, where river discharge is low and the infl uence of open ocean water is high (D'Croz et al., 1999) , to the more turbid environments of the Bocas del Toro Archipelago, where rainfall and river discharge are higher as a result of the blockage of westward moisture fl ow by the highest mountains in Panama (D'Croz et al., 2005; Collin et al., 2009 ). Thus, Panama lays claim to having "four oceans," providing unique opportunities for understanding how and why marine ecosystems vary and function as they do.
A HISTORICAL RESUME OF RESEARCH AT STRI MARINE FACILITIES
Marine research began at STRI in 1961with the doctoral work of STRI Director (Emeritus) Ira Rubinoff on trans-isthmian sister species of fi shes , which led to STRI's fi rst marine publication, based on work done near Punta Galeta (Rubinoff and Rubinoff, 1962) . Since then the marine program has undergone exponential growth in its productivity. STRI currently operates two land facilities on the Caribbean coast of Panama, Punta Galeta Laboratory and Bocas del Toro Research Station, and two on the Pacifi c coast, Naos Island Laboratory complex and Rancheria Island fi eld station. Between 1977 and 1997 STRI also operated a small, highly productive fi eld station in the San Blas islands (Figure 2 ). In addition, STRI has maintained a series of small coastal research vessels that greatly expanded the geographic reach of its activities well beyond STRI's land facilities and, in fact, far beyond Panama.
MARINE ENVIRONMENTAL SCIENCES PROGRAM (MESP)

Monitoring the Physical Environment
In 1974, the Smithsonian Institution Tropical Environmental Sciences Program began monitoring physical environmental variables at Galeta, recording rainfall, wind speed and direction, solar radiation, reef fl at water level, and air and water temperature hourly with automated equipment. Today, such physical data are recorded more frequently, automatically sent to a central processing facility via radio and internet, and added to a database that is available online at http://striweb.si.edu/ esp/physical_monitoring/index_phy_mon.htm. Organization of physical data collection from Galeta has now been combined with that from Barro Colorado Island, Bocas del Toro, and several other sites, under the management of Karl Kaufmann. Recording of sea-surface temperature started at Galeta in 1988, and this monitoring now covers 33 shallow-water stations throughout the coastal waters on both coasts of Panama. Published summaries of the marine physical data include Meyer et al. (1974) , Cubit et al. (1988) , and Kaufmann and Thompson (2005) . Physical environmental monitoring was conducted at the San Blas station from 1991 until its closure in 1998 and has been in progress at Bocas del Toro since 1999.
Monitoring the Biological Environment
The fi rst phase of biological monitoring consisted of work done at Galeta that was stimulated by the two oil spills and formed part of their resultant studies. At San Blas, biological (plankton) monitoring co-occurred with the physical monitoring. At Bocas del Toro, biological monitoring that started in 1999 includes minor activity directed at seagrasses and mangroves in connection with CARICOMP. The major activity however, has been an expanding set of monitoring surveys of coral reefs by Hector Guzman, which now cover reefs scattered along both coasts of Panama (see http://striweb.si.edu/esp/mesp/reef _monitoring_intro.htm). This program developed from a survey of coral reefs in the general vicinity of Galeta made in 1985 (Guzman et al., 1991 ; and see also Guzman et al., 2008b) .
GALETA POINT MARINE LABORATORY
The Galeta Point installation became a STRI laboratory in 1964 when a military building constructed in 1942 on a fringing reef fl at was turned over to STRI, thanks to the efforts of Ira Rubinoff. From his research on inshore fi shes in that area (Rubinoff and Rubinoff, 1962) Rubinoff recognized its value as an easily accessible Caribbean study site. By 1971 Galeta Point was STRI's primary marine research site, providing access to a fringing reef fl at, seagrass beds, and mangroves within a few meters of a laboratory building, with housing in nearby Coco Solo. Early work emphasized the comparison of reefs on both sides of the isthmus and the geological structure and history of the reefs (Macintyre and Glynn, 1976) . Fundamental insights into differences between the Caribbean and eastern Pacifi c at Panama also were developed by Chuck Birkeland (Birkeland, 1977) when, during his long-term residence at Galeta, he analyzed patterns of biomass accumulation on settling plates deployed on both sides of the isthmus.
Permanent monitoring of the biota at Galeta Point was started in 1970 by Chuck Birkeland, David Meyer, and Gordon Hendler to provide baseline data on a tropical Caribbean reef fl at; this was done to determine the effect of the Witwater oil spill, which occurred in December 1968 about 5 km east of Galeta. Because no baseline data were available to determine effects of that spill on reef communities, the US Environmental Protection Agency provided funds to set up the study and to perform experiments testing susceptibility of corals to oil. Transects were established at both Galeta Point and Punta Paitilla on the Pacifi c side to compare community structure, recruitment patterns, and the effect of oil on both communities (Birkeland et al., 1973) .
In April 1986 a storage tank ruptured at an oil refi nery about 4 km east of the laboratory, spilling 60,000-100,000 barrels of oil into the sea. The reef fl at, grass beds, and mangroves around the Galeta laboratory were heavily oiled. This time a substantial amount of baseline data was available, thanks to the original transects set up by Birkeland, Meyer, and Hendler, whose monitoring had ended in 1982, and to the wider reef surveys in that area by Ernesto Weil. The Minerals Management Service of the U.S. Department of the Interior bestowed a 5 year grant to STRI to study the effects of the second oil spill in tropical areas (Keller and Jackson, 1993) . That effort involved a considerable expansion of the types of data gathered, organisms studied, and habitats monitored over those in the fi rst oil spill study. Subsequent to the second oil spill study the center of STRI research on coral reefs shifted fi rst to San Blas then to Bocas del Toro. A long-term study (since 1988) of mangrove forest dynamics by Wayne Sousa (Sousa, 2007) , occasional short-term projects, and physical environmental monitoring by MESP (see below) have continued at Galeta. The site also supports public education and outreach programs organized by Stanley Heckadon (see below). To date 315 publications include data obtained at Galeta laboratory, and the lab itself has produced 288 marine publications.
SAN BLAS FIELD STATION
The sparsely populated San Blas archipelago, in the autonomous Kuna Yala comarca, consists of several hundred sand cays scattered along the relatively sparsely populated eastern third of the Caribbean coast of Panama. The archipelago has the richest and most extensive development of coral reefs and associated fauna (including reef fi shes) and fl ora in Caribbean Panama. Marine research sponsored by STRI began in San Blas in 1970, and research activity increased greatly in the late 1970s following the gradual construction by STRI from 1977 onward of a small fi eld station that provided basic living accommodations and so allowed year-round research.
The San Blas fi eld station, with its year-round access to a 15 km 2 area of rich reefs in calm, clear water, was the Caribbean base for many of STRI's comparative studies of the biology of closely related organisms on the Atlantic and Pacifi c sides of the Isthmus of Panama. Early research by STRI staff in San Blas included studies by STRI's founding director, Martin Moynihan, on the behavior of cephalopods (Moynihan, 1975; Moynihan and Rodaniche, 1982) and by Peter Glynn in the 1970s on coral reef development . These investigations were followed by others on a broad range of organisms: Ross Robertson on the sexual patterns of labroid fi shes, with Robert Warner (Warner et al., 1975; Robertson and Warner, 1978; Warner and Robertson 1978) , and the recruitment dynamics and demography of reef-fi shes ; Haris Lessios on the evolution and biology of echinoderms on the two coasts of the isthmus of Panama (Lessios, 1979 (Lessios, , 1981 (Lessios, , 2005 ; deputy director Eric Fischer on the sexual biology of simultaneously hermaphroditic groupers (Fischer, 1980 (Fischer, , 1981 Fischer and Petersen, 1987) ; Nancy Knowlton on the biology and evolution of snapping shrimps and the reproductive biology, coralalgal symbioses, and evolution of corals Knowlton et al., 1977 Knowlton et al., , 1992 Knowlton and Weigt, 1998) (Andrefouet and Guzmán, 2005) . During this period STRI also sponsored several anthropological projects on traditional Kuna society, acted as a conduit for international funding of Kuna marine management and conservation activities, and provide fellowships to Kuna University students.
The San Blas station provided essential support for projects on long-term ecological change on surrounding coral reefs. The combination of ease of access to shallow reefs, access as good as anywhere in the world, and the ability to do much work while on snorkel rather than scuba meant that it was possible to accumulate enormous data sets involving daily or shorter time period observations over months or years. These kinds of data are all too rarely available for tropical marine systems.
In early 1983 a Caribbean-wide mass die-off of an ecologically key organism on Caribbean reefs, the black sea urchin Diadema antillarum, began near San Blas and spread within the year throughout the entire Greater Caribbean. The year-round presence of biologists conducting long term studies of reef organisms at STRI's fi eld station enabled the documentation of the start and spread of that event, which produced large, long-term effects on algal and coral growth on Caribbean coral reefs. Haris Lessios has followed the population and evolutionary consequences of that event for the urchin since it started (Lessios et al., N U M B E R 3 8
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1984; Lessios, 2005) . Year-round monitoring of reef-fi sh populations on reefs around that station over a 20 year period contributed key information to a meta-population study that documents a gradual Caribbean-wide decline in the overall abundance of reef fi shes since the Diadema dieoff (Paddack et al., 2009 ). Long-term monitoring of climatic and oceanographic conditions by MESP enabled detailed examination of linkages between environmental dynamics and the dynamics of recruitment of pelagic larvae of reef-fi shes . In addition regular station visitors accumulated the world's only long-term data sets on gorgonians and sponges. The former work includes data on a combination of population dynamics and genetics of clone structure obtained by Howie Lasker and Mary-Alice Coffroth (Coffroth et al., 1992; Lasker, 1991; Lasker et al., 1996) . The latter work includes data on the dynamics of sponge communities collected by Janie Wulff (Wulff, 1991 (Wulff, , 1997 .
Over the 20 years of its existence, research supported by the San Blas fi eld station produced 363 publications on the biology of plants and animals living on the coral reefs around the station, at a peak annual operating cost of about US$100,000. The cheapness of this operation provides a startling example of how effective a small station can be for very little expense, so long as the necessary tools for fi eld research are supplied: grass huts for living, rainwater for drinking and washing, communal kitchens, small boats, a scuba compressor, and, above all, fi eld sites in calm clear water at the station's doorstep.
Local political events in this autonomously governed indigenous reserve led to the closure of the San Blas station in 1998. Although this closure terminated the activities of STRI staff scientists in that area for some time, several external researchers were able to make private arrangements to continue their work there. After the closure of the San Blas station the center of STRI's Caribbean research efforts moved to Bocas del Toro Province, at the opposite end of the Caribbean coast of Panama.
BOCAS DEL TORO RESEARCH STATION (BRS)
The Smithsonian Institution (SI) has a long history of terrestrial and geological research in Bocas del Toro Province. In the 1970s and 1980s Charles Handley of the Natural History Museum mounted a number of expeditions to the province to survey the mammal and bird fauna (Handley, 1993; Anderson and Handley, 2002 ). This phase was followed with ground-breaking geological work by STRI's deputy director, Anthony Coates. He used the rock outcrops in the province, which contain the most complete record of marine environments of the last 10 million years in the southern Caribbean, to help clarify events associated with the rise of the Isthmus of Panama (Collins et al., 1995; Collins and Coates, 1999; Coates et al., 2005) .
In 1998 STRI purchased 6 hectares (ha) just outside the town of Bocas del Toro on Isla Colon. A dormitory was built on the site in 2001 and a modern, well-equipped laboratory in 2003. The BRS now houses 28 resident scientists and will soon add accommodation for 16 more. BRS can now host approximately 325 scientifi c visitors from more than 30 countries each year: 40% undergraduates, 25% graduate students, 10% postdoctoral fellows, and 25% researchers. About half the postdoctoral fellows and researchers are SI scientists. Research at the station has resulted in 201 scientifi c publications in the fi ve years since its inauguration in 2003, with Rachel Collin as its director.
The BRS is now among the preeminent research stations in the Caribbean. It is better equipped and provides access to a larger diversity of habitats than almost any other research facility in that region. The wealth of natural diversity available near BRS combined with technical support facilities is refl ected in the wide range of research projects that are conducted at the station. Signifi cant research has focused on the coral bleaching response to stress and disease. These studies have shown that sugars are one of the most damaging components in pollution from rain runoff (Kline et al., 2006) and that coral disease is related to temperature stress. An SI fellow identifi ed candidate genes that participate in coral's bleaching response to elevated temperature (DeSalvo et al., 2008) . Research at the laboratory also has shown that some coral disease and death in the Caribbean results from a protozoan infection. Another strong line of research at the BRS is the investigation of the factors that lead to speciation in the marine environment. Groundbreaking work on hamlet fi shes has shown that mate choice based on color pattern may drive divergence and that color patterns may evolve via aggressive mimicry, a previously undemonstrated mechanism of diversifi cation (Puebla et al., 2007 (Puebla et al., , 2008 .
The BRS is also a local focus of taxonomic work and studies aimed at documenting marine biodiversity that were published in a special issue of the Caribbean Journal of Science dedicated to the marine environment and fauna of Bocas del Toro (Collin, 2005a (Collin, , 2005b . Extensive work has been done there on the taxonomy of marine shrimps (Anker et al., 2008a (Anker et al., , 2008b (Anker et al., , 2008c . Bocas del Toro is a global hotspot of shrimp diversity and ranks within the top 10 sites in the world. More than 20 new shrimp species from Bocas del Toro have been described in the past fi ve years. New species of other marine organisms, including snails, tunicates, sponges, fl atworms, and meiofauna, have also been described on the basis of work at the BRS. As a result of these taxonomic and faunal studies, Bocas del Toro has the highest recorded tunicate diversity anywhere in the Caribbean and the third highest sponge diversity.
Other long-term projects based at BRS include studies focused on breeding success at major Caribbean turtle nesting beaches, the effects of noise polluction and tour boat operations on dolphin vocalization and behavior, effects of anthropogenic substrates, such as docks, on invasive tunicate abundance, effect of nutrient limitation on mangrove forest structure and diversity, emerging sponge diseases, and Caribbean-wide speciation in Montastraea corals caused by temporal shifts in spawning cycles.
NAOS ISLAND LABORATORIES
Naos is one of a cluster of four islands at the end of a 2 km long causeway at the Pacifi c entrance to the Panama Canal. STRI's fi rst marine laboratory was established there in 1964 in an old military bunker and has since expanded to four buildings, three of them ex-US Navy buildings refurbished by STRI. This laboratory provides ready access to the upper bay of Panama with its extensive mangroves and a scattering of inshore islands, plus the coral reefs of the Perlas Archipelago, 50 km away. The laboratory complex, with a fl ow-through aquarium system, diving locker, small boat support, research vessel, and molecular laboratories, supports a wide range of research by all the marine scientifi c staff. Organismal studies based primarily at Naos cover or have covered the following topics: the Panama Canal as a hub for marine invasions, rocky intertidal community ecology, physiological ecology, behavioral ecology of intertidal organisms, coral reef development in the TEP, molecular evolution of marine organisms, life history evolution and evolution of mode of development, and marine zooarchaeology.
Panama as a Hub for Marine Invasions
Biological invasions are a potent force for change across the globe. Once established, introduced species can become numerically or functionally dominant, threatening native biodiversity and altering ecosystem processes. The fl ip side to the damage they cause is that introduced species can provide opportunities for insight as large-scale experiments to understand ecological and evolutionary processes. In marine and coastal environments, shipping is a major pathway for biological invasions and appears largely responsible for the recent dramatic increase in invasions.
Beginning with the studies of Hildebrand (1939) in the 1930s, followed by several investigations surrounding the potential problems associated with the construction of a sea-level Canal in Central America (Rubinoff, 1965 (Rubinoff, , 1968 Rubinoff and Rubinoff, 1969) , STRI has been central in evaluating the role of the Canal as a passageway for shorefi shes. Interestingly, despite the Canal's 100 years of existence and the occurrence of approximately 1,500 species of marine and brackish-water fi shes on the two coasts of Panama, only a handful of such species have successfully passed through the Panama canal and established populations in the "other" ocean. For example, only 8 species of such successful immigrants are known in the tropical eastern Pacifi c and only 3 have spread beyond the immediate confi nes of the Pacifi c entrance to the canal. Why are there so few successful invasions through a short, suitable corridor? Why do some invasions fail and others succeed? Panama and its canal have much to offer studies aimed at determining success or failure of invasions.
STRI is ideally situated to study marine and coastal invasions. Panama is one of the world's largest hubs for shipping. The Canal serves as an aquatic corridor connecting the Atlantic and Pacifi c Ocean basins, and ports on either side serve as hubs for international trade. Since its opening in 1914, approximately 800,000 ocean-going commercial vessels have passed through the Canal. Today, approximately 12,000 to 14,000 commercial ships transit the Canal annually (Ruiz et al., 2009) . Moreover, Panama is initiating a major effort to expand shipping in the Canal by constructing additional locks on the Pacifi c and Atlantic coasts. Although the freshwaters of Lake Gatun, a large lake that constitutes the bulk of the canal, have strongly limited the inter-oceanic invasions of purely marine species, the new locks being added to the canal have the potential to increase the salinity of Gatun Lake and increase such interchange. With the Naos and Galeta marine laboratories strategically located at the Pacifi c and Atlantic entrances to the Canal, STRI is well positioned to continue to conduct a broad range of basic research on marine invasions.
In contrast to the limited exchange of fi shes across the Isthmus, various introduced invertebrate species have been documented recently in the Canal, underscoring the fact that invasions are occurring. Some examples include a North American mud crab that has established a population in the Panama Canal expansion area (Roche and Torchin, 2007) and an invasive Japanese clam that reaches densities greater than 100 m Ϫ2 in the Canal, as well as an N U M B E R 3 8 Although the potential for invasions in Panama is likely to be high, with the exception of studies on fi shes that have passed through the Canal in the past 40 to 50 years, we know surprisingly little about other coastal invasions that have resulted, and many established invasions probably have been overlooked (Miglietta and Lessios, 2009 ). With the current expansion of the Panama Canal, evaluating the importance of the Canal in regional and global invasions is arguably an imperative goal for the conservation of our coastal resources and an ideal opportunity to illuminate our understanding of biological invasions.
Rocky Intertidal Community Ecology
The rocky intertidal zone of the TEP appears to be largely bare rock, with very little macroalgal cover and few sessile invertebrates, which are not distributed in clear zones according to tidal height or wave exposure. The striking contrast between this system and those of temperate North America and Europe, which are well vegetated and have an abundance of invertebrates in regularly arranged zones, drew researchers such as Jane Lubchenco (currently director of the NOAA) and Bruce Menge to STRI in the late 1970s to seek an explanation. Their fi eld exclusion experiments indicated that year-round predation and herbivory by a diverse community of highly mobile fi shes, crabs, and mollusks forces their prey into refugia in cracks and under boulders and regulates directly, or indirectly, species interactions such that species capable of dominating space are kept in check (Menge and Lubchenco, 1981; Menge et al., 1986) .
Physiological Ecology
The marine environment of the eastern Pacifi c is much more variable than that of the Caribbean, especially so during upwelling and in shallow-water and intertidal habitats. Temperatures in tidal pools at Naos range between approximately 18°C and more than 50°C. Jeffery Graham made contributions to basic understanding of how fi shes and sea snakes contend with this and other physiological challenges in the TEP (Graham, 1970 (Graham, , 1971 and later investigated heat regulation in tunas (Graham, 1975) . Ira Rubinoff, together with Graham and Panamanian cardiologist Jorge Motta, performed pioneering work on the temperature physiology and diving behavior and respiratory physiology of the neotropics' only sea snake species Rubinoff et al., 1986) .
Behavioral Ecology of Intertidal Animals
Marine behavioral and estuarine (soft-bottom) ecology has been the focus of long-term research programs by John Christy and his students on the reproductive ecology (larval release cycles in relation to predation risks; Morgan and Christy, 1995) and behavior (burrow ornaments as sexual signals; Christy et al., 2002) of intertidal crabs, particularly fi ddler crabs. The latter reach their highest species diversity in the world on the Pacifi c coast of Central America (Sturmbauer et al., 1996) . Christy recently completed fi ve years of daily observations of the reproductive timing of a fi ddler crab on Culebra beach, the results of which demonstrate that these crabs have a remarkable ability to track, on several time scales, complex variation in environmental conditions suitable for larval release. Research by Christy's lab on mechanisms of mate choice in fi ddler crabs has shown that male courtship signals elicit responses in females that have been selected by predation, not because the signals lead to choice of the best male as a mate. This research has provided the best empirical support to date for the "sensory trap" mechanism of sexual signal evolution (Christy, 1995; Backwell et al., 2000 , Kim et al., 2009 ). Together with work by terrestrial biologists at STRI, this research has made STRI a global center for the study of the evolution of sexual signals.
Coral Reef Development in the Tropical Eastern Pacifi c (TEP)
Following the closure of the isthmus, different components of the tropical biota of the TEP reacted in different ways to resultant dramatic changes in the local marine environment. Most of the coral fauna was wiped out (ϳ85% of the current, depauperate fauna is derived from Indo-Central Pacifi c immigrants), probably largely by extreme environmental fl uctuations during ENSO events. Documentation of effects of environmental changes on coral reef development in that area has been the focus of 35 years of studies by Peter Glynn and his collaborators, not only in Panama but also further afi eld in the TEP in places such as the Galapagos (Glynn et al., 1979; Glynn and Wellington, 1983) . STRI research on Panama's Pacifi c coral reefs began in the earlier 1970s, when, contrary to previous ideas, fully developed coral reefs were found in the Gulfs of Panama and Chiriquí Glynn and Stewart, 1973) . It also became evident that differences in reef growth in those gulfs were related to their different temperature regimes (Glynn and Stewart, 1973) . Coral reefs in the Gulf of Panama are mainly confi ned to the warmer sides of the Pearl islands and grow at lower rates than reefs in the year-round warmth of the Gulf of Chiriquí (Glynn and Macintyre, 1977) . The latter reefs grow at rates comparable to those on the Caribbean coast of Panama (Macintyre and Glynn, 1976) , and corals in each gulf differ in their responses to temperature Schloeder and D'Croz, 2004) . A major thrust of work on TEP reefs has been to understand the effects of ENSO warming events on the survival and dynamics of reef ecosystems. Observations linked coral bleaching in Panama to high-temperature anomalies of the severe 1982-1983 ENSO (Glynn et al., 1988; Glynn and D'Croz, 1990; Glynn et al., 2001) . Such bleaching led to region-wide mass coral mortality during the intense 1982-1983 and 1997-1998 ENSO events (Glynn, 1984; Glynn et al., 2001 ). Microcosm experiments at STRI confi rmed that temperature stress produced bleaching and mass mortality of corals (Glynn and D'Croz, 1990) and that slow-growing massive species are more resistant than branching types to temperature-induced beaching (Huerkamp et al., 2001 ). There has been continuous monitoring of reef recovery since the mass coral mortality produced by the 1982-1983 ENSO, providing one of the longest term databases of this type in the world (Glynn, 1984 Glynn and Colgan, 1992; Glynn et al., 2001) . Major efforts have also been made to investigate the reproductive ecology of corals, relating fecundity, spawning activity, and recruitment of surviving species to community recovery and reef resilience in Pacifi c Panama (Glynn et al., 1991 (Glynn et al., , 1994 (Glynn et al., , 1996 Colley et al., 2006; Manzello et al., 2008) . Bleaching patterns have been related not only to the diversity of zooxanthellae symbionts of corals ) but also to coral genotypes (D'Croz and Maté, 2004), with both factors likely playing an important role in adaptive responses by corals to climate change. Research on corals in Pacifi c Panamá additionally involves the taxonomy and biogeography of gorgonian soft corals (Vargas et al., 2008; Guzman and Breedy, 2008) .
Molecular Evolution of Marine Organisms
STRI has played a leading role in development of molecular techniques for studies of marine organisms, not only in relationship to trans-isthmian biology of neotropical taxa (reviewed by Lessios, 2008) but also in studying the global biogeography of pantropical groups. A 30 year history of such work, the longest in SI, began with studies of sea urchins by Haris Lessios (Lessios, 1979) . That work, although centered at the molecular laboraties at Naos Laboratory, has relied on all other STRI marine facilities for collections and maintenance of live organisms. Since that start, molecular evolution studies at STRI have undergone explosive growth. Such studies include assessments of effects of the rise of the isthmus on the ecology and biology of neotropical organisms (Collin, 2003a) and patterns and processes involved in the evolutionary divergence of such taxa (Knowlton and Weigt, 1998; Hurt et al., 2009 ). Molecular studies also have led to the delineation of species boundaries in marine organisms (Knowlton, 2000) and understanding of global historical biogeography of pantropical groups (Lessios et al., 1999 (Lessios et al., , 2001 Collin, 2003a Collin, , 2003b Collin, , 2005a Quenoiville et al., 2004) , invasions of the tropical Atlantic by Indo-Pacifi c taxa around southern Africa (Bowen et al., 2001; Rocha et al., 2005a) , patterns of dispersal among different tropical biogeographic regions within the Atlantic (Lessios et al., 1999; Rocha et al., 2002 Rocha et al., , 2005b , physiological mechanisms involved in species formation (McCartney and Lessios, 2002; Zigler and Lessios, 2004) , non-allopatric speciation within biogeographic regions (Rocha et al., 2005a; Puebla et al., 2007 Puebla et al., , 2008 , patterns and processes involved in speciation of corals (Fukami et al., 2004) , and the history of two-way transfers of species across the 4,000-7,000 km wide Eastern Pacifi c Barrier, the world's widest stretch of deep open ocean (Lessios and Robertson, 2006) . Molecular evolution studies at STRI have produced 163 marine-themed publications to date.
Marine Archaeology: Historical Human Reliance on Marine Resources in Panama
Zooarchaeology has played an important role in STRI's anthropology program for the past 40 years (Linares and Ranere, 1980) through studies originated by Richard Cooke of pre-Columbian usage of marine resources in Panama, primarily in Panama Bay (Cooke, 1981) . The expanding reference collection of 1,540 skeletons of 340 species of fi shes and other organisms used in this research has also enhanced knowledge of the zoogeography of these organisms (Cooke and Jiménez, 2008b) . This work has charted the time course of geographic changes in patterns of marine resource usage in Panama Bay. By 7,000-4,500 bp, humans on the shores of that bay exploited a wide variety of inshore marine resources, including more than 80 species of marine fi shes (bony fi shes, sharks, sawfi sh, sting rays) taken in a variety of different habitats (beaches, mangroves, estuaries, reefs, open water) using various methods (hook-and-line, nets, stationary wood-and-stone traps) (Cooke, 1992; Cooke and Jiménez, 2004, 2008a; Cooke et al., 2008) . Other marine resources used include sea turtles, dolphins, manatees, and seabirds. The ritual importance of marine animals in pre-Columbian Panama is underlined by frequent images of sea turtles, fi sh, and marine invertebrates on pottery and goldwork (Linares, 1977; Cooke, 2004a Cooke, , 2004b . Although currently there is no convincing zooarchaeological evidence for overfi shing in pre-Columbian times in Panama, ongoing research in the Pearl Islands seems likely to identify pressures that produced changes to populations of mollusks and reef fi sh around individual islands. Intensive collection of colorful marine shells and marine birds for making ornaments likely led to local impacts on populations of these taxa.
RANCHERIA ISLAND FIELD STATION
Rancheria Island is situated in the center of the largest and best managed marine reserve in Panama: the Coiba National Park (and World Heritage Site) in the Gulf of Chiriqui. The park area has a long history of environmental protection (Coiba acted as a "free-range" prison island for almost 85 years) and hosts the largest area of coral reefs and richest [number of species] accumulation of corals on the entire continental shore of the TEP. A tiny, relatively undeveloped fi eld station at Rancheria has supported research on coral reefs in the surrounding area by Peter Glynn and his collaborators (see above).
THE RESEARCH VESSELS
Four vessels were operated by STRI between 1970 : the 65-foot Tethys (1970 , the 45-foot RV Stenella (1972) (1973) (1974) (1975) (1976) (1977) (1978) , the 63-foot RV Benjamin (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) , and the 96-foot RV Urraca from 1994 to 2008. None of those vessels was purpose built. The equipping of the Urraca, after its purchase, with an A-frame and oceanographic winch allowed intensive trawling and dredging activities (to depths of 250 m) and thus greatly extended the range of studies that could be supported beyond the previous emphasis on scuba-based research. These research vessels, and particularly the Urraca, enabled fi eldwork in remote locations that lacked land bases for marine research and thus vastly extended the geographic reach of STRI biologists. The Urraca acted as such a base not only throughout Panama's territorial waters but also in localities as far afi eld as Clipperton Island (1,000 km west of Acapulco) in the Pacifi c (Robertson and Allen, 2008) and Honduras in the Caribbean (Guzman, 1998) .
To date, 14 years service by the Urraca has produced 350 scientifi c publications. Research supported by the Urraca proved vital to the declaration of two large Marine Protected Areas (MPAs) on the Pacifi c coast of Panama, principally through the research activities of H. Guzman on coral diversity and conservation (see below). Urraca support of collecting along the entire Pacifi c coast of Panama, as well as Costa Rica, Clipperton and Cocos Islands (remote oceanic islands in the eastern Pacifi c), and El Salvador was essential for the development of the world's fi rst online information system on a regional shorefi sh fauna (www.stri.org/sftep). In addition the Urraca provided extensive and extended support to the Panama Paleontology Program (see below) and for collecting fi shes (Bermingham, Robertson), echinoderms (Lessios) , soft corals (Guzman), and mollusks (Collin) for taxonomic and evolutionary studies, and hydrologic surveys (D'Croz).
HISTORICAL MARINE ECOLOGY: THE PANAMA PALEONTOLOGY PROJECT
STRI is unique in having an institutional marine program that includes both biology and geology, as well as a series of strong programs in various aspects of tropical terrestrial biology. Intellectual cross-fertilizations between scientists steeped in terrestrial and marine systems have maintained STRI as a place known for creative research.
The striking differences in environmental conditions and ecology from opposite sides of the Isthmus of Panama today, and their changes over time during Isthmus closure, provides marine paleontologists with a "natural experiment" with which to address, on an evolutionary and ecologically large scale, the impact of environmental change and genetic isolation on marine invertebrate faunas. In 1986 the Panama Paleontology Project (PPP) was initiated by Jeremy Jackson and Anthony Coates. Their aim was to survey coastal sediments of the isthmian area to establish if the fossil record were suffi ciently complete to explore the evolutionary responses of marine communities to the gradual emergence of the Isthmus of Panama.
Stratigraphically complete Neogene deposits were soon discovered in the Panama Canal basin and Bocas del Toro, and excavations were subsequently extended to several other richly fossiliferous regions of Panama and Costa Rica, Venezuela, Ecuador, Jamaica, and the Dominican Republic. In addition, large-scale benthic surveys of modern shallow-water communities across the Caribbean and Tropical Eastern Pacifi c serve as a baseline for understanding biotic changes through geological time.
The PPP has so far involved more than 50 scientists from 20 institutions in seven countries and undertaken almost 40 expeditions to eight countries. The resultant collections comprise thousands of replicated samples and many millions of individual, quantitatively collected fossil specimens. The rigorous paleontological framework of the PPP presents evolutionary biologists with a unique view of 15 million years of life and environments in a tropical region. Using these samples and framework, the PPP has documented the environmental, lithologic, and biological changes in Isthmian nearshore marine habitats from 15 Ma to the present day, producing almost 200 publications to date (see http://www.fi u.edu/ϳcollinsl/pppcon.html).
Placing igneous and sedimentary rock formations in sequence established a high-resolution stratigraphic system that was critical to effectively reconstruct patterns of biological change (Coates et al., 1992 (Coates et al., , 2005 Collins et al., 1996b; Collins and Coates, 1999) . Aligned with taxonomic and paleoenvironmental analyses, these geological studies also permit reconstructions of land and water masses as the isthmus shoaled, providing dates of fi nal closure that are essential for estimates of the timing of divergence of modern marine organisms (Collins et al., 1995; Coates and Obando, 1996) (Figure 3) .
Data from PPP studies have revealed the following. (i) Faunal composition of Caribbean and Pacifi c fossil assemblages and the timing of paleoenvironmental change demonstrate that major cross-isthmian marine connections ceased approximately 3 Ma (Collins et al., 1995 (Collins et al., , 1996a Coates et al., 2003 Coates et al., , 2005 O'Dea et al., 2007a) , consistent with dates from previous (non-PPP) oceanographic studies. (ii) Seasonal upwelling was strong in what is now the southwestern Caribbean (SWC) before isthmian closure, and constriction of the forming isthmus led to a rapid decline in upwelling intensity, resulting in a collapse in primary productivity from around 5 to 3 Ma (Collins, 1996) . The increasing oligotrophy allowed reefal habitats to expand in the SWC while reducing the amount of fi lter-feeding molluscan habitat, and the cessation of upwelling also stabilized environments to modern- , 2007b.) day conditions (O'Dea et al., 2007a; Jackson et al., 1999) . Meanwhile, upwelling continued in what is now the TEP to the present day. (iii) A wide assortment of marine taxa experienced a major turnover in the now-SWC during the last 10 million years (Jackson et al., 1993; Jackson and Johnson, 2000; O'Dea et al., 2007a; Smith and Jackson, 2009) . Origination of new species in all major groups of macroinvertebrates peaked at about 5-3 Ma, coincident with the formation of new habitat along the SWC coast of the Isthmus. (iv) From approximately 5-3 Ma the SWC remained connected to the TEP but coastal conditions became instable. This transition period saw most SWC faunas reach their peaks in diversity (Jackson and Johnson, 2000; Todd et al., 2002; Smith and Jackson, 2009) . As old and new species coexisted in time, richness of most groups was around 30% to 60% higher than in the modern SWC. (v) Following isthmus closure and the birth of the modernday Caribbean, a widespread extinction reduced numbers of gastropod, bivalve, coral, and bryozoan taxa by 30% to 95%. (vi) This massive extinction was strongly selective against nutriphilic taxa, indicating that the collapse in primary productivity was the causal mechanism. However, fi ne-scale environmental and community composition data reveal that extinction in most groups lagged well behind the shift to more oligotrophic conditions as the Isthmus closed (O'Dea et al., 2007a) (Figure 4 ). Time lags of this scale challenge the conventional wisdom that cause and effect have to be contemporaneous in macroevolution. (vii) Other ecological characteristics of organisms also shifted dramatically. Average coral colony and snail egg-size increased, larval durations of scallops decreased, and rates of clonality in free-living bryozoans declined dramatically. Ongoing fi eld and laboratory work aims to analyze the fates and trajectories of clades that preserve modes of life, life histories, and feeding strategies in fossils within the rigorous framework provided by the PPP. This approach will help tease apart the drivers of macroevolutionary change in the neotropical seas (Jackson and Erwin, 2006) .
MARINE EDUCATION AND OUTREACH
At the level of both the institution and the individual scientist, STRI, along with other SI bureaus, has become deeply involved in two global efforts connected with marine biodiversity: the Census of Marine Life (COML) and the Consortium for the Barcode of Life (CBOL). The COML aims to provide rapid and full documentation of marine biodiversity, while CBOL provides easy Carbonate levels in sediments followed suit, with an increase in the Caribbean. C. Biotic assemblages shifted from mollusk-dominated to a mix of coral-, algae-, and mollusk-dominated communities (PCA ϭ principal components analysis). D. Extinction rates of corals and mollusks peaked 1-2 million years after the environmental and ecological changes. (From O'Dea et al., 2007a.) molecular means to confi rm the identities of a broad array of species in both marine and terrestrial ecosystems. Substantial contributions of information on neotropical marine organisms have been made by STRI to both those efforts. Recently, the Encyclopedia of Life (EOL) began to make use of information generated by STRI scientists, and STRI also recently became part of the United States Geological Survey's Caribbean tsunami monitoring network.
Educational and outreach programs at STRI include a marine fellowship program for graduate students (worldwide, plus targeted to Latin America), hosting of K-12 school groups and teacher training (at Galeta Point Marine Laboratory and Bocas del Toro Research Station), conducting public seminars, responding to requests for information from Panamanian government entities, and supporting graduate student courses. The public marine education program at STRI consists of a series of activities aimed at promoting awareness and conservation of marine environments and communicating its research to the general public. Since 1992 the program has consisted of docent-led educational visits, seminars for teachers, and the development of educational materials (posters, newspapers and supplements, exhibits), and curricular materials for the classroom.
CULEBRA ISLAND EDUCATION CENTER
The Punta Culebra Nature Center (PCNC) of STRI lies at the Pacifi c entrance to the Panama Canal immediately adjacent to the Naos Laboratory. For nearly a century, access to Culebra was restricted to U.S. military personnel, a practice that protected Culebra's shoreline organisms, which now exist in abundances not seen elsewhere in Panama Bay. The general health of the intertidal and shallow-water marine communities at Culebra makes the area especially attractive for research. Culebra has been a major research site for John Christy (since 1983), Mark Torchin (since 2004), and their students.
The PCNC relies on the support of the Smithsonian Foundation of Panama and international entities. The academic and public programs at Culebra encourage direct experiences with organisms in the local habitats and in touch pools. Exhibits promote environmental awareness, understanding, and conservation, emphasizing marine systems. Since it opened in 1996, 750,000 people have visited PCNC, with about 25,000 schoolchildren annually taking part in its educational program. The PCNC also fosters research on site, which allows visitors to see STRI scientists and students "in action."
GALETA POINT MARINE LABORATORY
The education and outreach program at Galeta Laboratory was initiated by Stanley Hecakdon in 2000 to build bridges between research at Galeta on coral reefs, seagrass beds, and mangrove forests and the schools of Colon and wider Panama. The program seeks to motivate public interest on the importance of the sciences and the value of coastal tropical habitats, currently under severe threat because of a destructive style of economic development. Private donors have been vital to the success of this program, funding the construction of enhancements to Galeta buildings, a 300 m long mangrove boardwalk, and science equipment used by the program. 
BOCAS DEL TORO RESEARCH STATION
The BRS has had active public programs, almost entirely funded by income from station fees, since the completion of the main laboratory building in 2003. Activities organized by the BRS for the general public include bimonthly public seminars given by researchers working at the station as well as weekly open houses and an annual Earth Day beach clean-up. In addition the Station opens its doors to the public during the annual Feria Ambiental weekend, at which environmental non-governmental organizations (NGOs) and governmental organizations from the region present information to the public, debate N U M B E R 3 8
• 8 7 local conservation issues in a round-table format, and give public lectures on their projects. This Feria has proven to be highly successful, with representatives form organizations such as IUCN (International Union for Conservation of Nature) and The Nature Conservancy attending from Costa Rica and Panama City.
The BRS also has an active program working with local schools. School groups visit the station three days a week during the school year, and a biodiversity summer program is available for interested children on Isla Colon and Bastimentos. More than 1,000 children per year participate in these programs or, in more remote areas, receive visits from presenters of the public programs. Finally, the Station presents an annual teacher training workshop, which offers teachers development credit for learning about environmental issues and conservation.
The BRS is also active in undergraduate and graduate teaching. The station hosts undergraduate courses from 12 institutions from the USA, Colombia, Canada, and Germany and trains graduate students in the advanced Training in Tropical Taxonomy Program. This program aims to bring taxonomic experts and experts in training together in the fi eld to provide hands-on training in taxonomy. This program focuses on groups for which taxonomic expertise is in immediate danger of disappearing. This program, the only one of its kind in the Neotropics, has so far trained 100 students from 30 countries and receives some funding from the National Science Foundation Pan-American Advanced Studies Institutes (NSF PASI) program as well as individual Assembling-the-Tree-of-Life grants.
The Online BRS Bilingual Biodiversity Database
The public face of the Bocas del Toro Research Station extends into cyberspace. The Online BRS Bilingual Biodiversity Database, available at http://biogeodb.stri.si.edu /bocas_database/?&langϭeng, has resulted from work at the BRS and now includes 6,000 species and 8,000 photos of organisms from Bocas del Toro province. This website is supplemented by printed identifi cation guides to local organisms (Collin et al., 2005) .
MARINE ZOOARCHAEOLOGY
The zooarchaeology reference collection at STRI is frequently used by students and researchers to identify archaeofaunal materials. Specimens are often loaned or donated to outside institutions. Panamanians have strong interests in their cultural heritage, and STRI zooarcheologists frequently give public lectures in Panama on the history of human-animal interactions in Panama and the relevance of zooarchaeology to tropical zoogeography and biodiversity. STRI's Bioinformatics offi ce recently started work on an online database that will provide photographic, geographic, and biometric information on all identifi ed zooarchaeological materials and specimens from Panamanian sites.
ONLINE INFORMATION SYSTEM ON TROPICAL EASTERN PACIFIC SHOREFISHES
This Shorefi shes of the Tropical Eastern Pacifi c Online Information System (www.stri.org/sftep) exemplifi es the Smithsonian's commitment to carrying information that its research generates to the widest possible audience. It provides free, public access to comprehensive information on the biology of almost 1,300 shorefi sh species. Systems such as these are useful for managers, biologists, students, and fi shers wanting to identify fi shes and obtain information about their biology. The information that systems such as this bring together allows comprehensive assessments of our level of knowledge about biodiversity (Zapata and Robertson, 2006) and regional geographic distribution of that diversity (Mora and Robertson, 2005; Robertson and Cramer, 2009 ).
MARINE CONSERVATION ACTIVITIES
The work that STRI biologists, notably Hector Guzmán, have done on organisms as diverse as corals, sea cucumbers , conchs (Tewfi k and Guzman, 2003) , lobsters, and crabs (Guzman and Tewfi k, 2004) has been instrumental in the establishment not only of management regulations for specifi c organisms but also of a large marine reserve on the Pacifi c coast of Panama: the Pearl Islands Special Managment Area in the Gulf of Panama (Guzman et al., 2008a) . In addition, efforts by Todd Capson and research on corals by Hector Guzman (see The online information system on TEP shorefi shes (see above) provided the primary database used in the fi rst comprehensive IUCN Redlist Assessment of an entire regional shorefi sh fauna through workshops held in Costa Rica (2008) and Panama (2007) . An equivalent information system encompassing more than 1,500 species of Greater Caribbean shorefi shes, currently in production, will facilitate an equivalent Redlist assessment planned for the Greater Caribbean regional shorefi sh fauna.
Marine conservation activities by STRI staff also have a global and historical reach through the work of J. B. C. Jackson and colleagues on historical declines of coral reef growth and organisms induced by human activities, and the depletion of their marine resources, in the Caribbean area and throughout the rest of the tropics (Jackson, 1997 (Jackson, , 2001 Jackson et al., 2001; Pandolfi et al., 2003 Pandolfi et al., , 2005 Pandolfi and Jackson, 2006) . BRS has been a member of CARICOMP (the Caribbean Coastal Marine Productivity Program) since 1997, contributing data to Caribbean-wide monitoring of seagrasses, corals, and mangroves (Collin, 2005a; Collin et al., 2009; Guzman et al., 2005) . BRS also recently became part of a global IUCN program to assess the resilience of coral reefs worldwide. As part of this program, rapid assessments of the state of coral reefs at each site are linked to long-term monitoring of physical environmental data to predict the local response to future bleaching stress from elevated temperatures. Since 2000 STRI has also been involved with Conservation International, the United Nations Environmental Program, the International Union for the Conservation of Nature, and the governments of Panama, Costa Rica, Colombia, and Ecuador in an effort to develop the Eastern Tropical Pacifi c Seascape. This 2.1 million km 2 marine conservation area, in the equatorial part of the TEP, is based on a cluster of Marine Protected Areas, among them the Coiba National Park (see also Guzman et al., 2008a) .
2008-A TIME OF TRANSITION
After 48 years and 1,800 publications the marine program, which remains an integral part of research at STRI, is undergoing rapid change. The year 2008 marked the end of an era, with the retirement of Ira Rubinoff and the succession of Eldredge Bermingham as STRI director. It also marked the start of a hiatus in the research vessel program, with the retirement of the RV Urraca, as its absence leaves a signifi cant gap in research capability that STRI seeks to rapidly fi ll. The continuing development of the laboratory at Bocas del Toro will open up new opportunities for research. The development of a facility at Rancheria Island, and, perhaps, the Pearl Islands would greatly enhance accessibility of coral reefs and other marine habitats in the two largest nearshore archipelagos in the equatorial part of the eastern Pacifi c, archipelagos that to date have experienced relatively low impacts from economic development. STRI geologist Carlos Jaramillo is currently taking advantage of a unique event-major excavations to widen the Panama Canal-to clarify the history of the formation of the isthmus and thus help shed light on the history of changes in the neotropical marine ecosystems and the evolution of their organisms. In future STRI also will emphasize the development of tools that exploit the World Wide Web to enhance the diffustion of knowledge derived from its marine research, both through its own Bioinformatics offi ce and through participation in global enterprises such as the Census of Marine Life, the Consortium for the Barcode of Life, and the Encyclopedia of Life. STRI's marine program will play an increasingly important role in efforts to understand the role of the oceans in global climate variability, interactions between terrestrial and marine ecosystems, and the response of marine ecosystems to climate change and more direct human-induced stresses.
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